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Abstract
Culturing middle ear ﬂuid samples from children with chronic otitis media with effusion (OME) using standard techniques results in the
isolation of bacterial species in approximately 30–50% of the cases. Haemophilus inﬂuenzae, Streptococcus pneumoniae and Moraxella ca-
tarrhalis, the classic middle ear pathogens of acute otitis media, are involved but, recently, several studies suggested Alloiococcus otitidis as
an additional pathogen. In the present study, we used species-speciﬁc PCRs to establish the prevalence, in both the nasopharyngeal cav-
ity and the outer ear, of H. inﬂuenzae, M. catarrhalis, S. pneumoniae and A. otitidis. The study group consisted of 70 healthy volunteers
(aged 19–22 years). The results indicate a high prevalence (>80%) of A. otitidis in the outer ear in contrast to its absence in the naso-
pharynx. H. inﬂuenzae was found in both the outer ear and the nasopharynx (6% and 14%, respectively), whereas S. pneumoniae and
M. catarrhalis were found only in the nasopharynx (9% and 34%, respectively). A. otitidis, described as a fastidious organism, were able to
be cultured using an optimized culture protocol, with prolonged incubation, which allowed the isolation of A. otitidis in ﬁve of the nine
PCR-positive samples out of the total of ten samples tested. Given the absence of the outer ear inhabitant A. otitidis from the nasophar-
ynx, its role in the aetiology of OME remains ambiguous because middle ear infecting organisms are considered to invade the middle
ear from the nasopharynx through the Eustachian tube.
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Introduction
Otitis media with effusion (OME) is a frequently diagnosed
disease in infants and young children and it is the most
common illness for which children receive antibiotics before
the age of 10 years [1,2]. The three major middle ear
pathogens are Haemophilus inﬂuenzae, Moraxella catarrhalis
and Streptococcus pneumoniae [2]. However, during recent
years, several studies were published suggesting that Alloio-
coccus otitidis was an additional pathogen [3–6], and was
detected at a higher rate in the middle ear than the three
major pathogens. In agreement with these studies, we were
able to demonstrate a high prevalence of A. otitidis in mid-
dle ear ﬂuid [7]. To further elucidate the possible patholog-
ical role of A. otitidis, we investigated its presence in the
nasopharynx and outer ear of a group of healthy young
adults.
The detection of A. otitidis is mostly PCR-based because it
is a difﬁcult to culture the organism, and most previous stud-
ies of A. otitidis and OME have presented PCR-positive and
culture-negative results. Accordingly, we adapted a previ-
ously reported culture protocol [8] to allow the isolation of
A. otitidis from clinical samples.
Materials and methods
Patient population and sampling methods
The study group consisted of 70 healthy volunteers, who
were not suffering from ear or throat problems at, or shortly
before, the moment of sampling. The patients were aged 19–
22 years. Two different samples were taken. External ear
canal swabs were collected by a gentle swabbing of the exter-
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nal canal through a speculum, thus avoiding contact with the
auricle and meatus and a pernasally taken nasopharyngeal
swab. Both swabs were sent to the microbiology laboratory
immediately and processed for DNA extraction and culture.
Because the optimized culture protocol (see below) was
initially not available, only ten of the swabs were cultured
for A. otitidis according to this protocol.
All participants provided their written informed consent.
The study was conducted in accordance with the ethical
standard stipulated in the Helsinki declaration (2000) for
research involving human subjects.
Sample processing
The dry swabs were swirled in 300 lL of physiological water
(NaCl 0.7%). Two hundred microlitres of the suspension
were transferred to 800 lL of NucliSENS Easymag Lysis buf-
fer (Bio-Me´rieux, Marcy-l’Etoile, France) and homogenized by
vortexing. After an incubation period of 10 min at room
temperature, the samples were stored at )80C until further
processing. The DNA extraction was carried out in batches
of 24 samples on the automated DNA extractor NucliSENS
EasyMag (Bio-Me´rieux), which resulted in 110 lL of eluate
(i.e. DNA extract).
Species-speciﬁc PCR for the detection of middle ear
pathogens
The DNA extracts were subjected to species-speciﬁc PCRs
for A. otitidis, H. inﬂuenzae, M. catarrhalis and S. pneumoniae [9]
and Pseudomonas aeruginosa with a major modiﬁcation: the
PCR for the detection of the four species [9] was not carried
out as a multiplex PCR, but in four separate ampliﬁcation
reactions, because we were unable to reach sufﬁcient sensi-
tivity with the multiplex format in preliminary experiments.
Culture
Culture was carried out for a subset of ten outer ear samples.
Fifty microlitres of the mixture obtained by swirling the swab
in physiological water for DNA extraction were used to inoc-
ulate a blood agar plate, consisting of Tryptic Soy Agar con-
taining sheep blood (5%) (Becton Dickinson, Erembodegem,
Belgium), which was incubated aerobically at 37C for up to
5 days. Small a-haemolytic colonies were transferred to a
heart infusion agar containing sheep blood (5%) (Becton Dick-
inson) for subculturing aerobically at 37C for 3–5 days.
Identiﬁcation of cultured organisms
Colonies were identiﬁed using tRNA intergenic spacer length
polymorphism analysis (tDNA-PCR), according to a previ-
ously described protocol [10]. Brieﬂy, the intergenic spacers
between different tRNA genes were ampliﬁed and separated
using capillary electrophoresis on an ABI310 apparatus
(Applied BioSystems, Foster City, CA, USA). The resulting
digitized ﬁngerprint was compared with the ﬁngerprints avail-
able in a large database obtained from reference and
well-identiﬁed strains, allowing species identiﬁcation. For the
identiﬁcation of A. otitidis, the reference ﬁngerprints were
prepared using two culture collection strains (Culture
Collection, University of Go¨teborg, Sweden [CCUG] 33997
and CCUG 44657), resulting in a species-speciﬁc ﬁngerprint
composed of tRNA intergenic fragment lengths of 57, 59.9,
66.5, 67.9, 149, 151.4, 152.2, 161 and 249.7 bp, which were
not observed for any other of the hundreds of species
already contained in the tDNA-PCR library.
In addition, two of the ﬁve A. otitidis isolates, and some
isolates for which the tDNA-PCR identiﬁcation was not con-
clusive, were identiﬁed using 16S rRNA gene sequencing as
described previously [11]. Comparison of the obtained
sequences with a selection of high-quality sequences was
carried out using the SmartGene, IDNS software (Zug,
Switzerland).
Results
Prevalence of the middle ear pathogens
The results obtained for the species-speciﬁc PCRs are pre-
sented in Table 1. Fifty-eight out of 70 outer ear samples
were positive for A. otitidis, which was the most frequently
detected organism in the outer ear canal. This contrasts with
the detection rate in nasopharyngeal samples, none of which
tested positive for A. otitidis.
H. inﬂuenzae was the only organism of the three known
middle ear pathogens that was detected in the outer ear
(6%). The rates of detection of H. inﬂuenzae, S. pneumoniae
and M. catarrhalis in the nasopharyngeal cavity were 14%, 9%
and 34%, respectively. None of the subjects tested positive
for H. inﬂuenzae from the nasopharynx and outer ears.
Culture
We were able to increase the culture efﬁciency for A. otitidis
by prolongation of the initial period of aerobic incubation on
blood agar from which a-haemolytic small colonies were
TABLE 1. Percentage of positive PCR results for 70 healthy
young adults
Species Outer ear canal Nasopharynx
Alloicococcus otitidis 83 0
Haemophilus inﬂuenzae 6 14
Moraxella catarrhalis 0 34
Streptococcus pneumoniae 0 9
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picked after 5 days and then aerobically subcultured on heart
infusion agar containing sheep blood (5%) (Becton Dickinson),
aiming to minimize the chance that the small A. otitidis colonies
were overgrown by other organisms present in the sample.
An optimized culture method was tested on a subset of
ten outer ear samples (i.e. two sets of ﬁve samples on sepa-
rate testing days). The results are presented in Table 2. Of
these randomly chosen samples, nine were positive for A. otiti-
dis by PCR, which correlates well with the overall PCR posi-
tivity of 83% in the present study. The isolation of A. otitidis
was obtained from ﬁve of the tested samples, resulting in a
culture positivity of 50%, or even 55% of the PCR-positive
samples (5/9). The only sample that was negative by PCR
was also found to be negative by culture.
Only one of all ten culture results presented a pure cul-
ture (Table 2, subject L.70); all other samples yielded cul-
tures of different species in one sample, with Turicella otitidis,
Staphylococcus capitis, Staphylococcus auricularis and Corynebac-
terium auris being isolated from more than one subject
(Table 2).
Discussion
OME is an inﬂammation of the middle ear space resulting in
a collection of ﬂuid behind an intact tympanic membrane.
Hearing loss is the main clinical feature. The pathophysiologi-
cal mechanisms resulting in the persistence of OME are not
well understood. Although dysfunction of the Eustachian
tube is an important factor, there is increasing interest in the
role of persistent bacterial infection and associated chronic
inﬂammation as the cause of chronic OME. Using standard
culture techniques, bacterial species have been isolated in
approximately 30–50% of cases of middle ear effusions in
chronic OME, with the majority comprising the classical
middle ear pathogens.[12].
In the present study, we used species-speciﬁc PCR to
determine the prevalence in both the outer ear and the
nasopharyngeal cavity of healthy subjects of the three classi-
cal middle ear pathogens and of A. otitidis, which has been
considered by several groups as a possible middle ear patho-
gen [3,4,6,13]. As expected, the commonly known otitis
media pathogens were detected in the nasopharyngeal cavity.
Only H. inﬂuenzae was also detected in the outer ear. By
contrast, A. otitidis was very prevalent in the outer ear canal
(83% of 70 subjects), but was completely absent in the naso-
pharynx, which is generally accepted to be the reservoir of
middle ear pathogens. Table 3 summarizes the results of
previous studies with regard to the presence of A. otitidis in
the outer ear and nasopharynx. T
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During the present study, an optimized culture protocol
was developed, combining previously published data. A
recent study [8] used a wide variety of solid culture media in
combination with pre-incubation enrichment in brain heart
infusion broth. The overall conclusion was that a prolonged
culture period is needed. These authors cultured for A. otitidis
in the presence of 7.5% CO2, which is an atmospheric condi-
tion shown to be disadvantageous for the culture of this
organism [14]. Some studies recommend the use of sheep
blood, chocolate agar or brain heart infusion agar containing
rabbit blood (5%) [15,16]. The conclusion of a detailed com-
parison of the growth requirements of A. otitidis [14]
revealed that the best results were obtained using heart infu-
sion agar containing rabbit blood (5%) with aerobic incuba-
tion at 37C. The present study, comparing and combining
these ﬁndings, resulted in the following optimized method:
the samples were inoculated on Tryptic Soy Agar containing
sheep blood (5%) (Becton Dickinson) and incubated aerobi-
cally at 37C during a prolonged period of up to 5 days.
Because the small colonies of A. otitidis may be overgrown
during prolonged culture, small a-haemolytic colonies were
picked and subcultured aerobically on heart infusion agar
containing sheep blood (5%) (Becton Dickinson), resulting in
clearly visible a-haemolytic colonies within 3–5 days. Because
the culture conditions were not yet optimized at the start of
this study, only a subset of ten samples was tested. The opti-
mized culture protocol enabled us to detect A. otitidis in ﬁve
of these samples, which is less efﬁcient than PCR-based
detection (nine samples positive for A. otitidis) but signiﬁ-
cantly better than the results obtained in previous studies
using shorter culture protocols (Table 3).
The use of a general culture medium also allowed culture
of other organisms present in the healthy outer ear. We
were able to isolate, for example, T. otitidis (n = 5), S. capitis
(n = 3), S. auricularis (n = 2), C. auris (n = 2) and some other
Staphylococcus and Micrococcus species (Table 2).
Two studies, both of patient groups of adults and children,
reported previously on the composition of the microﬂora of
the healthy outer ear. First, a culture-based study [17]
reported that the two most common groups of organisms
isolated from the external ear canal were Staphylococcus spe-
cies, predominantly S. auricularis (20%), Staphylococcus epide-
rmidis (11%) and S. capitis (10%), and coryneforms, i.e.
C. auris (2%) and the related T. otitidis (12%), followed by
A. otitidis (6%). Another study, using universal bacterial PCR,
in combination with cloning and sequencing [18], reported
56% of the clones from the outer ear canal as A. otitidis, 20%
as ‘Corynebacterium otitidis’ and 10% as S. auricularis. ‘C. otitidis’
is, however, not a validated species and turns out to be
synonymous with T. otitidis, because the only entry for ‘C. otiti-
dis’ in the 16S rRNA gene sequence GenBank database (i.e.
X73976) corresponds to that of the type strain of T. otitidis
[19]. Taking into account the use of a suboptimal A. otitidis
culture method in the study of Stroman et al. [17], it can be
concluded that A. otitidis is probably the most common
organism in the healthy outer ear, in the narrow age group
of 19–22 years of this study and in the overall population of
both adults and children. Other common organisms are
T. otitidis and members of the genera Staphylococcus and
Corynebacterium.
Two other culture-based studies reported high isolation
rates for A. otitidis, but from middle ear effusion (i.e. in 40%
of 50 children referred for myringotomy [8] and in 48% of
110 OME patients aged between 1 and 12 years [20]),
whereas most studies found between 0% and 5% of A. otiti-
dis in OME patients [8].
In conclusion, A. otitidis is one of the most frequently
occurring commensal inhabitants of the outer ear which is
completely absent from the nasopharynx. Its presence in
approximately half of the middle ear infections, as reported
by some recent studies [8,20], is most probably best
explained by secondary colonization of the middle ear, which
TABLE 3. Prevalence of Alloiococcus otitidis in outer ears and/or nasopharynx, as reported in previous studies
Study Sample type
Number and type
of patients Agea Species studied
Prevalence (%) of
Alloicococcus otitidis
Culture PCR
[17] External ear swab 147 healthy idividuals Adults + children All bacteria 14 NA
Cerumen swab 148 healthy individuals All bacteria 19 NA
[15] Outer ear 1119 childrenb Children (9 months–14 years) A. otitidis 2 NA
[18] Outer ear 24 healthy individuals Adults + children All bacteria NA 85
[13] Nasopharyngal swab 56 OME Children A. otitidis 0 11
Middle ear effusion ﬂuid 83 OME (8 months–10 year) A. otitidis 0 29
NA, not applied.
aAge is given as adults and/or children. The age range of the patient group is added, when available.
bThe patient group consisted of hospitalized patients and outpatients, without speciﬁcation on whether all or only part were patients with OME.
OME, otitis media with effusion.
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A. otitidis enters through (temporarily) opened ear drums as
a consequence of middle ear infection due to other bacteria.
Indeed, de Miguel Martinez and Macias [20] found A. otitidis
to be completely absent from closed ears in children with
acute otitis media. Furthermore, in our previous study [7],
the high incidence of A. otitidis was predominantly observed
in a subgroup of patients with an open ear drum. In the non-
OME patients with other ear problems, but with fully closed
eardrums, the incidence of A. otitidis was much lower. There-
fore, the high incidence of A. otitidis in middle ear ﬂuid of
OME patients is most likely not related to a pathogenic role
of this organism in this condition and is probably best
explained by either secondary invasion from the outer ear to
the middle ear, after (transient) opening of the ear drum or
by contamination with commensal bacteria present in the
outer ear during the sampling process.
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